Isolation and characterization of ten mutator alleles of the mitochondrial DNA polymerase-encoding MIP1 gene from Saccharomyces cerevisiae.
Ten mutator alleles of MIP1, the gene encoding mitochondrial (mt) DNA polymerase, have been isolated after in vitro random mutagenesis. Five mutations causing a 100-400-fold increase in the frequency of erythromycin-resistant (ErR) mt mutants in yeast mapped to the 3'-5' exonuclease (Exo) domain, and mainly to the three conserved motifs Exo1, Exo2 and Exo3 of this domain, highlighting the importance of proofreading in accurate mt DNA replication. The essential role of the invariant glutamate at the Exo1 site was confirmed and the participation of four amino acids (aa) in the 3'-5' Exo function revealed. Another mutation that is located between the Exo1 and Exo2 sites produced an extremely strong mutator phenotype associated with impaired DNA replication, but could be assigned neither to a conserved aa nor to a conserved portion of the 3'-5' exonuclease domain. The importance of the polymerization domain in accurate mt DNA replication was pointed out by three mutator mutations. Two of these severely impaired mt DNA replication and were assigned to a subdomain of the polymerase which probably corresponds to the 'fingers' module of the Klenow (large) fragment of Escherichia coli DNA polymerase I (PolIk). The third, which did not alter the efficiency of DNA replication, was located at the active center of the polymerization reaction. Finally, the mutation, R1001I, mapped to the C-terminal part of the MIP1 protein which has no counterpart in prokaryotic DNA polymerases.